Soil temperature is a critical variable controlling below-ground processes for global and continental carbon budgets. However, there are an insufficient number of climatic stations monitoring soil temperature. In this study, GEP model was used for estimation of monthly soil temperature using air temperature, depth, relative humidity and solar radiation data for the Antalya, Isparta, and Burdur in Turkey. This model was tested using measured meteorological data. The values of R 2 between observed and predicted soil temperatures ranged from 0.95 to 0.97. Predictions with GEP model show good agreement with actual soil temperature measurements. New equations are presented for calculation of soil temperatures at different depths. The GEP-based formulations are very practical to predict soil temperature. Soil temperature prediction with GEP model is helpful in various processes, including agricultural decision, heating or cooling of buildings and ground-source heat pump applications.
Introduction
Antalya, Isparta and Burdur are located in the Mediterranean Region. Agricultural processes in these cities are especially important. Accurate soil temperature predictions can dramatically affect the decision making process of the agricultural crops. Although soil temperature is a significant for agricultural and ground-source heat pump applications, there are not routinely soil temperature values in meteorological stations. There are many studies about soil temperature prediction in literature. Gao et al. [1] presented the revised force-restore technic for soil temperature estimation. Citakoglu [2] carried out comparison of artificial neural network (ANN), neuro-fuzzy (ANFIS), and multiple linear regression methods for estimation of soil temperatures in Turkey. Talaee [3] estimated daily soil temperature using neuro-fuzzy method in Iran. Behmanesh and Mehdizadeh [4] have estimated the soil temperature by gene expression programming (GEP) and ANN. They used air temperatures, relative humidity, wind speed, sunshine hours and extraterrestrial radiation as input. Kermani [5] analyzed the performance of ANN and multiple linear regression models for prediction of soil temperature. Kim and Singh [6] used multilayer perceptron and ANFIS for predicting daily soil temperature in Illinois. Kisi et al. [7] predicted soil temperatures at various depths by different neural networks methods. Mihalakakou [8] used deterministic model and neural network model for estimating soil surface temperature profiles. Bilgili [9] developed artificial neural network models to estimate monthly soil temperature by using monthly meteorological variables in Adana. Kişi et al. [10] compared neural computing methods for predicting monthly soil temperatures in Mersin. Wu et al. [11] performed spatiotemporal estimating of monthly soil temperature using ANN.
As seen above, soft computing techniques can be used for predicting of soil temperature. But, studies about estimation of soil temperature with GEP model are very limited. In this study, the GEP model was applied for predicting of soil temperature depending on three meteorological variables (air temperature, relative humidity and solar radiation) and depth for Antalya, Isparta and Burdur in Turkey. The performance of the GEP model was compared with the measured soil temperature values. Obtained mathematical equations from the GEP model can be easily used for predicting of soil temperature.
Materials and Methods

GEP Model Development
GEP is an evolutionary algorithm and was proposed by Ferreira [12] . The algorithm is based on the chromosomes and the expression trees.
The chromosome consists of a linear, symbolic string of fixed length composed of one or more genes. Each chromosome is comprised of genes that are translated into an expression tree to solve a given problem. An expression tree and mathematical expression is seen in Figure 1 . Detailed information about GEP can be found in the References [12] [13] [14] [15] . In this work, GEP model was used for estimation of monthly soil temperature using air temperature, depth, relative humidity and solar radiation data for the Antalya, Isparta and Burdur. Various GEP parameters were employed for obtaining the excellent topology. The optimum GEP parameters for estimating of monthly soil temperature for the Antalya, Isparta, and Burdur are presented in Table 1 . GeneXpro program for modeling was used. Table 1 . Parameters for prediction of the soil temperature of the stations Root-mean-squared error (RMSE), mean absolute percentage error (MAPE) and R-square (R 2 ) were used for evaluating the accuracy of the GEP model. The RMSE, MAPE and R 2 can be expressed as:
where m is the measured soil temperature, p is the predicted soil temperature and n is total number of data.
Parameters of GEP models
Stations
Antalya
Isparta Burdur 
Application and Results
Mathematical equations of monthly soil temperatures for the best results using GEP model are performed. These simple equations can be used for the estimation of the monthly soil temperatures in Antalya, Isparta and Burdur cities, Turkey. The corresponding equations for predicting monthly soil temperatures in Antalya, Isparta and Burdur cities from the best GEP model are presented as Equations The performance values of the GEP model, such as RMSE, MAPE and R 2 are given in Table 2 .
The performance values of the GEP model as seen in Table 2 are very satisfactory. 
Conclusion
The measurement of soil temperature is very important for various processes. The installation of thermometer correctly in the soil is very complicated. In this study, GEP model was used for estimation of monthly soil temperature using limited meteorological observations for the Antalya, Isparta, and Burdur in Turkey. 
